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Abstrat
The top quark ould provide very important information for the Standard Model extentions
due to its large mass lose to the eletroweak symmetry breaking sale. In this work, anomalous
single top prodution is studied by using γp → W+b proess at the LHeC based γp ollider. The
sensitivity to anomalous oupling κ/Λ ould be reahed down to 0.01 TeV−1.
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The top quark is onsidered to be the most sensitive to the new physis beyond the
Standard Model (BSM) sine it is the heaviest available partile of the Standard Model
(SM). If the BSM is assoiated with the mass generation, the top quark interations will be
sensitive to the mehanism of dynamial symmetry breaking. The preise measurement of
the ouplings between SM bosons and fermions provides powerful tool for the searh of the
BSM physis. As mentioned in [1℄, the eets of new physis on the top quark ouplings are
expeted to be larger than that on any other fermions, and deviations with respet to the
SM preditions might be detetable.
A possible anomalous tqV (V = g, γ, Z and q = u, c) ouplings an be generated through
a dynamial mass generation [2℄. They have a similar hiral struture as the mass terms,
and the presene of these ouplings would be interpreted as signals of new interations. This
motivates the study of top quarks' avour hanging neutral urrent (FCNC) ouplings at
present and future olliders.
Current experimental onstraints at 95% C.L. on the anomalous top quark ouplings are
[3℄: BR(t → γu) < 0.0132 and BR(t → γu) < 0.0059 from HERA; BR(t → γq) < 0.041
from LEP and BR(t → γq) < 0.032 from CDF. The HERA has muh higher sensitivity
to uγt than cγt due to more favorable parton density: the best limit is obtained from the
ZEUS experiment.
The top quarks will be produed in large numbers at the Large Hadron Collider (LHC),
therefore the ouplings of the top quark an be probed with a great preision. For a
luminosity of 1 fb
−1
the expeted ATLAS sensitivity to the top quark FCNC deay is
BR(t → qγ) ∼ 10−3 at 95% C.L. [4℄. For Lint =100 fb−1 the ATLAS sensitivity to tγq
anomalous interations has been estimated as BR(t→ qγ) ∼ 10−4 at 5σ level [5℄.
The prodution of top quarks by FCNC interations at hadron olliders has been studied
in [6℄, e+e−olliders in [2, 7℄ and lepton-hadron ollider in [2, 8℄. LHC will give an opportunity
to probe BR(t→ ug) down to 5×10−3 [9℄; ILC/CLIC has the potential to probe BR(t→ qγ)
down to 10−5 [10℄.
It is known that lina-ring type olliders present the sole realisti way to TeV sale in
lepton-hadron ollisions [11℄. An essential advantage of lina-ring type ep-olliders is the
opportunity to onstrut γp olliders on their basis [12℄. Constrution of linear e+e−ollider
or speial lina tangential to LHC ring will give opportunity to utilize highest energy proton
and nulei beams for lepton-hadron ollisions. Reently this opportunity is widely disussed
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in the framework of the LHeC projet [13℄. Two stages of the LHeC are onsidered: QCD
Explorer (Ee = 50−100 GeV) and Energy Frontier (Ee > 250 GeV). First stage is mandatory
for two reasons: to provide preision PDF's for adequate interpretation of LHC data and to
enlighten QCD basis.
In this paper, we investigate the potential of LHeC based γp ollider to searh for anoma-
lous top quark interations.
The eetive Lagrangian involving anomalous tγq (q = u, c) interations is given by [9℄
L = −ge
∑
q=u,c
Qq
κq
Λ
t¯σµν(fq + hqγ5)qAµν + h.c. (1)
where Aµν is the usual photon eld tensor, σµν =
i
2
(γµγν − γνγµ), Qq is the quark harge, in
general fq and hq are omplex numbers, ge is eletromagneti oupling onstant, κq is real
and positive anomalous FCNC oupling and Λ is the new physis sale. The neutral urrent
magnitudes in the Lagrangian satisfy |(fq)2 + (hq)2| = 1 for eah term. Using Eq. 1, the
anomalous deay width an be alulated as
Γ(t→ qγ) = (κq
Λ
)2
2
9
αemm
3
t (2)
Taking mt = 173 GeV and αem = 0.0079, we nd the anomalous deay width ≈ 9
MeV for κq/Λ = 1 TeV
−1
, while the SM deay width is about 1.5 GeV. For numerial
alulations we implemented anomalous interation verties from Lagrangian (1) into the
CalHEP pakage [14℄ and use PDF library CTEQ6M [15℄. The Feynman diagrams for
the subproes γq → W+b, where q = u, c are presented in Fig. 1. First three diagrams
orrespond to irreduible bakground and the last one to signal.
The main bakground omes from assoiated prodution of W boson and the light jets.
Hereafter, for b-tagging eieny we used the 60% and the mistagging fators for light
(u, d, s) and c quarks are taken as 0.01 and 0.1, respetively.
The dierential ross setions of the nal state jets are given in Fig. 2 (κ/Λ = 0.02
TeV
−1
) and Fig. 3 (κ/Λ = 0.04 TeV−1) for Ee = 70 GeV and Ep = 7000 GeV. Here, we
assume κu = κc = κ. The transverse momentum distribution of the signal has a peak around
70 GeV.
The pseudo-rapidity distribution of the jets in the signal (κ/Λ = 0.01 TeV−1) and bak-
ground proesses are presented in Fig. 4, where we applied a ut pT > 20GeV. The maximum
3
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Figure 1: Feynman diagrams for γq → W+b, where q = u, c.
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Figure 2: The transverse momentum distribution of the nal state jet for the signal and bakground
proesses. The dierential ross setion inludes the b-tagging eieny and the rejetion fators
for the light jets. Here the enter of mass energy
√
sep = 1.4 TeV and κ/Λ =0.02 TeV
−1
.
of the signal is around η = 1, while the main bakground shifted to η ∼ 2. Nevertheless,
one an see from Fig. 4 that η ut does not provide essential gain.
The ross setions for signal and bakground proesses with dierent pT uts are presented
in Table I. It is seen that pT ut slightly redue the signal (∼ 30% for pT > 50 GeV),
whereas the bakground is essentially redued (fator 4-6). In order to improve the signal
to bakground ratio further one an use invariant mass (W + jet) ut around top mass. In
Table II, the ross setions for signal and bakground proesses are given using both pT and
invariant mass uts (MWb = 150− 200 GeV).
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Figure 3: The same as Figure 2 but for κ/Λ = 0.04 TeV−1.
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Figure 4: Pseudo-rapidity distribution of the jets in the signal (κ/Λ = 0.01 TeV−1) and bakground
proesses, where we applied a ut pT > 20 GeV. Here, Ee = 70 GeV and Ep = 7000 GeV.
In order to alulate the statistial signiane (SS ) we use following formula [16℄ :
SS =
√
2
[
(S +B) ln(1 +
S
B
)− S
]
(3)
where S and B are the numbers of signal and bakground events, respetively. Results are
presented in Table III for dierent κ/Λ and luminosity values. It is seen that even with 2
fb
−1
the LHeC based γp ollider will provide 5σ disovery for κ/Λ = 0.02 TeV−1.
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Table I: The ross setions (in pb) aording to the pT ut for the signal and bakground at γp
ollider based on the LHeC with Ee = 70 GeV and Ep =7000 GeV.
κ/Λ = 0.01 TeV−1 No ut pT > 20 GeV pT > 40 GeV pT > 50 GeV
Signal 9.54 × 10−3 9.16 × 10−3 7.84 × 10−3 6.66 × 10−3
Bakground: W+b 9.60 × 10−3 6.18 × 10−3 3.48 × 10−3 2.55 × 10−3
Bakground: W+c 3.11 × 100 1.27× 100 6.85 × 10−1 4.90 × 10−1
Bakground: W+jet 1.79 × 100 7.24 × 10−1 4.79 × 10−1 3.77 × 10−1
Table II: The ross setions (in pb) aording to the pT ut and invariant mass interval (MWb =
150− 200 GeV) for the signal and bakground at γp ollider based on the LHeC with Ee = 70 GeV
and Ep =7000 GeV.
κ/Λ = 0.01 TeV−1 pT > 20 GeV pT > 40 GeV pT > 50 GeV
Signal 8.86 × 10−3 7.54 × 10−3 6.39× 10−3
Bakground: W+b 1.73 × 10−3 1.12 × 10−3 7.69× 10−4
Bakground: W+c 3.48 × 10−1 2.30 × 10−1 1.63× 10−1
Bakground: W+jet 1.39 × 10−1 9.11 × 10−2 6.38× 10−2
Up to now, we assume κu = κc = κ. However, it is a matter of interest to analyze
the κu 6= κc ase. Being dierent from HERA where anomalous single top prodution
is dominated by valene u-quarks, at LHeC energy region c-quark ontribution beomes
omparable with the u-quark ontribution. Therefore, the sensitivity to κc will be enhaned
at LHeC omparing to HERA. In Figs. 5-8 the ontour plots for the anomalous ouplings
Table III: The signal signiane (SS) for dierent values of κ/Λ and integral luminosity for Ee = 70
GeV and Ep =7000 GeV (the numbers in parenthesis orrespond to Ee = 140 GeV).
SS L = 2 fb−1 L = 10 fb−1
κ/Λ = 0.01 TeV−1 2.58 (2.88) 5.79 (6.47)
κ/Λ = 0.02 TeV−1 5.26 (5.92) 11.78 (13.25)
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Figure 5: Contour plot for the anomalous ouplings reahable at the LHeC based γp ollider with
the ep enter of mass energy
√
sep = 1.4 TeV and integrated luminosity Lint = 2 fb
−1
.
in κu − κc plane are presented. For this purpose, we perform a χ2 analysis by using
χ2 =
N∑
i=1
(
σi
S+B
−σi
B
∆σi
B
)2
(4)
where σiB is the ross-setion for the SM bakground in the i
th
bin. It inludes both b-jet and
light-jet ontributions with the orresponding eieny fators. In the σS+B alulations,
we take into aount κu dierent from κc ase as well as signal-bakground interferene. One
an see from Figs. 5-8 that sensitivity is enhaned by a fator of 1.5 when the luminosity
hanges from 2 fb
−1
to 10 fb
−1
. Conerning the energy upgrade, inreasing eletron energy
from 70 GeV to 140 GeV results in 20% improvement for κc. Inreasing eletron energy
further (energy frontier ep ollider) does not give essential improvement in sensitivity to
anomalous ouplings [17℄.
Finally, we ompare our results with the LHC potential. The value of κ/Λ = 0.01 TeV−1
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Figure 6: The same as Figure 5 but for Lint = 10 fb
−1
.
orresponds to BR(t → γu) ≈ 2 × 10−6 whih is two orders smaller than the LHC reah
with 100 fb
−1. It is obvious that even upgraded LHC will not be ompetitive with LHeC
based γp ollider in the searh for anomalous tγq interations. Dierent extensions of the
SM (supersymmetry, little Higgs, extra dimensions, tehniolor et.) predit branhing ratio
BR(t→ γq)=O(10−5), hene the LHeC will provide opportunity to probe these models.
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Figure 7: Contour plot for the anomalous ouplings reahable at the LHeC based γp ollider with
the ep enter of mass energy
√
sep = 1.9 TeV and integrated luminosity Lint = 2 fb
−1
.
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